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ABSTRACT 
The seasonal territorial organization of a migratory 
guanaco (Lama guanicoe) population was studied at Torres de! 
Paine National Park in southern Chile. Four Family Group 
Territorial Males (FGTMs) and 8 Solo Territorial Males 
(STMs) were observed in the 153 ha study area from 4 
December 1982 to 21 February 1983. Feeding utilization and 
preference for 6 vegetation types were measured for Family 
Groups. Monthly territorial size averaged 7.2 ha (n = 30; 
range = 2.6-14.6; S.E. = 0.54). FGTMs had higher mean 
group sizes (9.5 -vs- 3.6), frequencies of female attendance 
(82% -vs- 35%), and win ratios in territorial defensive 
encounters (0.88 -vs- 0.50) than STMs during December. 
Family Groups were "open" in that females left and joined at 
will. Most adult females were in territories of FGTMs in 
December, evenly distributed between FGTMs and STMs in 
January, and with FGTMs in February. Rates of territorial 
defensive encounters (2.37/10 hrs) and copulation attempts 
(l.87/10 hrs) were highest during the December breeding 
season. All complete copulations observed during December 
were by FGTMs. Meadow vegetation was highly preferred by 
all sex and age classes, with females showing the highest 
preference, followed by chulengos, yearlings, and 
territorial males. 
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INTRODUCTION 
Guanacos (Lama guanicoe) have been shown to have 
highly adaptive social systems, depending upon local 
environmental conditions (Raedeke 1979, Franklin 1982, 
1983). Frankli~ (1975) observed a migratory population of 
guanacos in northern Peru, Raedeke (1979) found both 
sedentary and migratory populations on the Island of Tierra 
del Fuego, and Jefferson (1980) and Franklin (1982, 1983) 
studied a sedentary guanaco population at Estancia Cameron. 
The year around and seasonal territorial systems of the 
guanaco are both based upon resource defense polygyny 
(Franklin 1982, 1983). 
Since 1979, research has been conducted on the ecology 
of a migratory population in the 40-km 2 peninsula region of 
the Torres del Paine National Park (Franklin 1982, Wilson 
1982, Ortega 1985, Fritz 1985). This region supported a 
population of approximately 800 guanacos throughout 1982 and 
1983 (Fritz 1985). 
Four socioecological periods were identified (Summer 
Territorial, Fall Transitional, Winter Aggregationa.l, and 
Spring Transitional) during which changes in social 
organization and population distribution occurred (Ortega 
1985). Within these periods, the 5 social units found were 
Family Groups, Male Groups, Solo Males, Mixed Groups, and 
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Female Groups. 
During the Winter Aggregational period (early June to 
late August), most guanacos were in large Mixed Groups 
containing all sex and age classes, and were found primarily 
in the western region of the peninsula shaped study area. 
In the Spring Transitional period (late August to mid-
October), all 5 social units formed and began migrating 
east. Summer Territorial was the longest socioecological 
period (mid-October to late March), during which territories 
were formed, primarily in the eastern region. Summer was 
the period of birth and mating, in which Family Groups 
comprised 35% of the social units found, Male Groups 15%, 
Solo Males 42%, and Female Groups 8%. The Fall Transitional 
period was the shortest (early April to late May), during 
which the summer social units broke up as guanacos migrated 
once again towards their western winter range (Ortega 1985). 
Specific information concerning the Summer Territorial 
period was lacking. The objectives of this study were: 1) 
to determine the territorial organization of a migratory 
guanaco population, 2) to study family group habitat 
utilization and preference, and 3) to assess territorial 
male reproductive success. 
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METHODS 
Seasonal Territorial Organization 
Twelve territorial males were observed for a total of 
297 hours from 4 December 1982 to 21 February 1983 (December 
= 101 hours over 17 days; January = 92 hours over 13 days; 
February = 104 hours over 15 days). Most observations were 
made between 0800 and 1700, with each male being observed an 
average of 53 minutes per day (5-360). Territorial males 
were randomly selected for observation. Males not present, 
inactive, or without a group on a given day were observed 
less than males present, active, and with a group (Table 1). 
Several territories were often viewed at one time by using 
binoculars (8x40) and a spotting scope (20-40x) from high 
points in the study area. 
Territorial males were individually distinguished by 
natural markings, including cuts and scars on the ears, 
face, neck, and hind quarters. Sketches of males were 
brought to the field each day to aid in proper 
identification. Four of the 12 males were immobilized wit h 
Xylazine Hydrochloride (Rompum ) delivered from a "Cap-Chur" 
dart rifle system and ear tagged (Fritz 1985). 
Based on studies of vicuna (Vicugna vicugna) (Franklin 
1978a) and a sedentary guanaco population (Jefferson 1980, 
Franklin 1983), and my initial observations of territorial 
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Table 1. Total monthly hours of observation of territorial 
males during the 1982-1983 territorial season; 
hr = number of hours observed, n = number of 
observation periods 
December January February 
Male hr n hr n hr n 
201 27.6 15 14.8 15 23.0 14 
202 10.6 13 15.0 13 3.6 8 
203 9.3 13 4.5 10 5.8 9 
204 9.9 10 10.9 12 8.1 9 
102 9.3 12 13.5 7 
103 6.1 12 2.0 3 18.9 12 
104 8.7 12 2.1 5 
105 9.1 11 9.3 12 9.8 14 
106 10.9 9 10.8 14 23.5 14 
301 6.7 9 3.7 13 
302 2.8 8 3.6 9 
303 3.4 12 
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males, Family Group Territorial Males (FGTMs) were 
designated as 200 series (e.g., 201, 202), Solo Territorial 
Maies (STMs) as 100 series, and males that established 
territories late in the season as 300 series. Subsequent 
observations showed that the distinction between FGTMs and 
STMs was not as pronounced in this migratory population. 
The FGTM and STM designations, however, were retained for 
convenience of identification. 
Territorial boundaries were determined by four 
techniques: 1) mapping of territorial encounters between 
neighboring males (Franklin 1978a, Klingel 1974, Mungall 
1978), 2) location of dung piles used exclusively by 
territorial males (Gosling 1974, Franklin 1978a, Walther et 
al., 1983, Boshe 1984), 3) location of natural and man-made 
structures (e.g., steep hillsides, fencelines, and roadways) 
which formed territorial boundaries (Estes 1969, Gosling 
1974, Mungall 1978), and 4) territorial male location data 
(Kitchen 1974) (Fig. 1). 
The duration, class, location, initiator ("winner"), 
and recipient ("loser") of all territorial encounters were 
recorded on aerial photos (Franklin 1983). Winning 
proportions in territorial encounters were computed for 
each territorial male as (winning proportion = win rate/win 
rate + loss rate). Encounters in which the outcome could 
not be determined (ties) were not included in the 
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Figure 1. Criteria used to determine territorial boundaries: 1) territorial 
encounters, 2) dung pile locations, 3) natural and man-made 
barriers (left figure), and 4) territorial male location data 
(right figure) 
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calculation of winning proportions. Other behavioral 
observations, including herding of females, territorial 
marking, and intragroup aggression, were also recorded. 
Total number of animals per territory, and changes in 
group size and composition were recorded during each 
observation period. Adults were sexed using the techniques 
of Franklin (1982). Family group composition was recorded 
as: total number in the group, the territorial male, number 
of adult females, yearlings Cl-2 years old), and chulengos 
( <l year old) (e.g., 27(1-12-3-11) (Franklin 1975). 
Births and copulations were opportunistically recorded 
throughout the study period. The identity of the male, 
duration, and time of day were recorded for each attempted 
or "complete" copulation observed. A copulation was defined 
as "complete" if it lasted at least 5 minutes without 
interruption (mean copulation length = 12 min). Data used 
to determine the birth peak of chulengos were collected by 
I. M. Ortega (Dept. Animal Ecology, Iowa State Univ., pers. 
comm.) in weekly censuses during the 1980-1981 territorial 
season. 
Habitat Availability and Utilization 
Six vegetation types were identified on the basis of 
visual distinctiveness and dominant plant species: Upland 
(Coiron), Upland/Shrub Transition (Coiron/Mata Barrasa), 
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Shrub Community (Mata Barrasa), Meadow (Vega), Juncas Marsh 
(Juncas), and Other (Otras) (spanish equivelents given in 
parentheses). Each vegetation type was mapped on aerial 
photographs (1 cm = 80 m) utilizing available high points 
and ground reconnaissance. A composite map of the 153 ha 
study area was made in the laboratory, where the total 
surface areas of the vegetation types within each territory 
and the study area overall were measured using a Hi-
Pad/Apple IIE computer planimeter (Model AA-110408). 
Feeding utilization of guanaco Family Groups was 
assessed from 4 January to 21 February 1983. A total of 
3084 utilization readings were recorded during 302 
observation periods. Selected groups were scanned at 30 min 
intervals, and group composition, location, total number of 
animals of each sex and age class feeding on defined 
vegetation types, activity of the animals not feeding, and 
the location of the territorial male relative to his group 
were recorded. 
Statistical Analyses 
A feeding preference inde x for each utilized vegetation 
type was calculated using the following formula devised by 
Cock ( 1978) (as modified by Ortega 1985): 
where Nx 
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Nx I Nx' 
PI = ln (------------) 
Ax I Ax' 
number of animals feeding in "x" vegetation type 
Nx' number of animals feeding in the remaining 
vegetation types 
Ax availability of vegetation type "x" 
Ax' availability of the remaining vegetation types 
ln natural logarithm provides symmetry from 
negative infinity to positive infinity 
This index was used except when all animals were feeding in 
only 1 vegetation type, then the preference index used was: 
Nx 
PI = ln (-----------) 
Ax I Ax' 
Daily data for combined mean number of adult females 
with FGTMs and STMs were smoothed by using a five-value 
running mean (Tukey 1977), (i.e., the mean of the values of 
the two previous data points, the original data point, and 
the two following data points was taken, and that value 
replaced the value of the original data point). Additional 
data were analyzed using the ANOVA procedure of the SAS 
computer program (SAS Institute 1982). The "protected LSD" 
multiple comparison procedure was used to determine 
significant differences among means (Snedecor and Cochran 
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1967). LSDs were reported at P<0.05 level of significance, 
unless otherwise stated. 
13 
STUDY AREA 
The study was conducted at Torres del Paine National 
Park, Province of Magallanes, Chile (72° 55'W, 51° 03'5). 
The Park encompasses 163,000 ha, with elevations varying 
from 110-250 min the semi-arid foothills to over 2300 m in 
the high surrounding Andean mountains (IUCN 1982). 
The topography of the 153 ha study area, located along 
the eastern boundary of the park (Fig. 2), was open rolling 
terrain, containing many small steep valleys, dry exposed 
hillsides, and low wet meadows (Fig. 3). The vegetation was 
primarily composed of a xeric pre-Andean shrub association 
on the dry upper slopes, grading into a treeless Patagonian 
steppe association in the flatter areas (Pisano 1974). 
Moist valleys and meadows provided a rich source of grasses, 
forbs and emergent vegetation during the summer. 
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Figure 3. Topographic map of the study area with 10-m 
altitude divisions between the lines (dots are 
reference points of know altitude) 
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RESULTS AND DISCUSSION 
Territoriality 
Territorial defense and marking 
Seventy seven percent of observed territorial 
encounters occurred during December. Territorial male 
encounter rates were significantly higher in December (the 
reproductive season) than in January or February (LSD test) 
(Table 2). 
Territorial encounters usually included Defecation and 
Urination Displays performed on territorial dung piles 
(Franklin l978a, 1983). Use of dung piles .is a common 
component of territorial defense among other territorial 
ungulates (Estes 1969, Gosling 1974, Jarman and Jarman 1974, 
Klingel 1974, Langley and Giliomee 1974, Owen-Smith 1974, 
Sowls 1974, Walther et al. 1983, Boshe 1984). 
FGTMs had a higher mean winning proportion for 
territorial encounters during December than did STMs (0.88 -
vs- 0.50) (T=2.98, df=7, P<0.01) (Table 3). There was no 
significant difference between winning proportions of FGTMs 
and STMs in January (P<0.97) or February (P<0.87). Males 
from outside the study area lost 29 of 31 encounters with 
resident territorial males during the three month season. 
FGTM 204's high loss rate in January coincided with a 
decrease in mean number of adult females in his territory 
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Table 2. Mean territorial encounter rate per male for each 
month of the 1982-1983 territorial season 
(territorial encounter rate = number of encounters 
per 10 hours of observation). Values with the 
same letter are not significantly different (LSD 
test) 
Number of Mean territorial 
Month encounters obs. encounter rate/male 
December 57 2.37 A 
January 17 0.61 8 
February 5 0.12 B 
Total 79 0.87 
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Table 3. Win rate (WR), loss rate (LR), and tie rate (TR) 
of territorial encounters for males during the 
1982-1983 territorial season. Rates = number of 
encounters won, lost, or tied per 10 hours of 
observation, n=number of encounters, and hr = 
number of hours observed 
Male 
204 
201 
202 
203 
105 
103 
104 
102 
106 
301 
302 
303 
December 
(n=87) 
(hr=l01) 
WR LR TR 
2.0 0.0 2.0 
6.2 0.0 0.0 
0.9 0.0 0.9 
8.0 7.0 1.0 
2.2 1.1 2.2 
9.2 5.5 0.0 
11.9 13.0 1.1 
1.1 2.3 1.1 
1.8 2.8 1.8 
January 
(n=34) 
(hr=92) 
WR LR TR 
0.0 3.8 0.9 
0.0 0.0 0.0 
0.7 0.0 1.3 
0.0 0.0 4.4 
5.4 6.5 0.0 
o.o 12.3 2.oa 
14.5 0.0 0.0 
0.7 1.4 0.0 
1.9 0.0 0.0 
1.5 3.0 0.0 
0.0 o.o 7.4 
February 
(n=9) 
(hr=l04) 
WR LR TR 
2.7 0.0 0.0 
0.9 0.0 0.0 
0.0 0.0 0.0 
0.0 3.5 0.0 
1.0 0.0 0.0 
o.o 2.0 0.0 
0.0 0.0 0.0 
0.0 2.8 0.0 
0.0 0.0 0.0 
0 . 0 0 . 0 0 . 0 
aMale 103 was only observed for 2 hours during 
January. 
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(December = 10.9 adult females, January = 1.5). In 
February, 204 won all of his territorial encounters and had 
a mean of 6.4 adult females in his territory. This suggests 
that a male's success at winning territorial encounters 
might be related to his ability to attract and retain 
females. 
Male 104 had the highest encounter rates among 
territorial males (Table 3). When females were within his 
territory, his territorial defense became highly aggressive, 
including frequent vocalization, rearing up on his hind 
legs, and a tendency to chase both resident females and 
neighboring territorial males. During these displays 
resident females became agitated and nervous; they 
eventually left despite the male's attempts to contain them. 
Perhaps if a male's territorial defense becomes too 
aggressive, any females present may be chased away or choose 
to leave his territory. Overly aggressive male impala 
(Aepyceros melampus) have also been suspected of 11 driving 11 
females from their territories (Jarman and Jarman 1974). 
Territorial boundaries 
Territorial males took advantage of man-made structures 
to form territorial boundaries along the eastern fenceline 
and western half of the road that bisected the study area. 
The study area contained large, unoccupied areas in the 
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northeast, southwest, and center, all of which were sparsely 
vegetated habitat (Fig. 4). 
Boundaries changed little between December and January. 
The large meadow south of the road was flooded throughout 
December and early January. Adjacent males expanded their 
territories into previously flooded areas as wa t er levels 
receded. In the western third of the study area, males 301 
and 302 established new territories during the last days of 
January in areas previously lost or abandoned by males 102 
and 104. 
February territorial boundaries, particularly those 
south of the road, changed considerably from December and 
January. Males 201 and 106 expanded their territories as 
the large meadow became drier. Male 103 abandoned over half 
of his original territory and spent his time on the 
southwest edge of the large meadow. In the west, males 301 
and 302 maintained their territories, while a new male (303) 
established a low quality territory on the hillside north of 
the road. 
Territory size 
Monthly territorial size averaged 7.2 ha (n = 30; range 
= 2.6-14.6; S.E. = 0.54) when average guanco density was 
(0.47 animals I ha). Mean territorial sizes in December 
(8.2 ha), January (7.3 ha), and February (6.3 ha) were not 
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significantly different (P<0.32). Territory sizes were 
similar to seasonally territorial impala (x = 10.8 ha; 
Murray 1982) and Indian blackbuck antelope (Antelope 
cervicapra) on ranches in Texas (x = 4.7; Mungall 1978). 
Franklin (1978b) found that territories in the western 
region of the peninsula averaged 65 ha (n=4; range = 25-120) 
when average guanaco density was (0.14 animals I ha). The 
larger territory sizes observed in the west as compared to 
th.e east may in part be accounted for by the lower mean 
population density and higher percentage of poor habitat in 
that region (Ortega 1985). 
Mean territory sizes for a sedentary guanaco population 
on Tierra del Fuego, Chile (29.5 ha; Jefferson 1980), and a 
sedentary population of the closely related vicuna in Peru 
(18.4 ha; Franklin l978a) were significantly larger than in 
this migratory population (T=l0.08, df=36, P<0.001 and 
T=5.60, df=l26, P<0.01, respectively). ·Larger territorial 
size, in sedentary as compared to migratory populations, has 
also been reported for impala (Jarman and Jarman 1974, 
Murray 1982), wildebeest (Connochaetes taurinus) (Estes 
1969), and Grant's gazelle (Gazella granti) (Walther et al. 
1983). Assuming similar environments, as Ducan (1975: cited 
in Jarman and Jarman 1979:213) pointed out for Topi 
(Damaliscus korrigum), this difference was probably because 
of the need for permanent territories to contain year-round 
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resources for groups of females. 
Loss and establishment of territories 
Of 12 territorial males present during the the summer 
territorial season, 7 were already established when 
observations began on 4 December, 5 established new 
territories, and 2 lost or abandoned their territories in 
late January. On 21 January 1983, male 104 was in 
uncontested control of his territory. The following day he 
was gone, and a new male (302) was in his place. A similar 
exchange of territorial control between males 102 and 301 
occurred between 23 and 24 January 1983. 
If a territorial male dies or abandons a territory in 
the vicuna (Franklin l978a), several days usually lapse 
before surrounding territorial · males or a new male move into 
the open territory. it seems likely that these overnight 
changes in territorial control resulted from the expulsion 
of 104 and 102, rather than from territorial abandonment. 
Rapid changes in territorial control, due to suspec t ed 
expulsion, have also been observed in impala (Jarman and 
Jarman 1974) and waterbuck (K obus ellipsiprymnus) (Spinage 
1982). 
After leaving his territory, male 104 wandered 
throughout much of the eastern region of the peninsula for 
the next 4 weeks. These wan derings brought him in contact 
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with Male Groups, Female Groups, and Family Groups, and 
occasionally back to the western fringes of the study area. 
On the other hand, male 102 returned to the Male Group Zone 
(Franklin l978a, 1983, Fritz 1985) on 26 January 1983 and 
remained solo for the rest of the season. Displaced 
territorial males returning to bachelor male groups also 
have been observed in Coke's hartebeest (Alcelaphus 
buselaphus cokei) (Gosling 1974), impala (Jarman and Jarman 
1974), springbok (Antidorcas marsupialis) (Mason 1976), and 
waterbuck (Tomlinson 1981, Spinage 1982). 
Males 106 (5 days), 204 (3 days), and 303 (8 days) 
established new territories during the study period in a 
gradual, multi-day process. They initially located 
themselves in neutral land between territories, or along a 
poorly defended boundary between 2 adjacent te~ritorie~. At 
first, they confined their activities to a small area, 
rarely interacting with neighboring animals. After a few 
days, they began challenging neighboring males in attempts 
to expand their territorial boundaries. Similar patterns of 
territorial establishment have been observed in pronghorn 
(Antilocapra americana) (Kitchen 1974), vicuna (Franklin 
1978a), and waterbuck (Spinage 1982). 
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Family Group Habitat Utilization 
Description and availability of vegetation types 
The percent coverage of all habitat types was: Rock and 
Bare Ground 42%, Upland 19%, Upland/Shrub Transition 14%, 
Shrub Community 12%, Meadow 9%, Juncas Marsh 2%, Other 1% 1 
and Water 1% (Fig. 5). 
Upland (34% relative cover compared to all vegetation) 
was the most common vegetation type. It was primarily 
composed of large, coarse grasses, such as Deschampsia spp., 
and Holcus lanatus, that dominated the dry upper flats and 
medium to low graded slopes (Ortega 1985). 
The Shrub Community (20%) occurred on dry, loose soils 
of steep valleys, hillsides, and hilltops. It was dominated 
by the spiny · shrub Mulinum spinosum, with a sparse 
understory of small grasses and forbs including Deschampsia 
spp., Acaena pinnati fida, and Luzula alopecurus. 
Upland/Shrub Transition (24%) was composed of an 
approximate equal mix of the upland and shrub community 
vegetation types (Pisano 1974). It was not distinguished as 
a separate vegetation type for utilization readings, as 
animals were recorded as either feeding on Upland or Shrub 
Community vegetation. 
Meadow (16%) was found in low moist valleys and flats, 
particularly around the edge~ of seasonal and permanent 
26 
Figure 5. Vegetation map of the study area: brown and light 
blue (#8) = Rock and Bare Ground ; aqua and light 
blue (#4) = Upland; yellow = Upland/Shrub 
Transition; red (#1) = Shrub Community; light 
green, dark green and forest gree n ( #5 , #6, and 
#11) = Meadow; pink (#12) = Juncas marsh; #2, 
#3, #7, #9, and #10 =Other; and dark . blue= 
water; each grid side = 80 m 
27 
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ponds. Meadow vegetation was composed of dense stands of a 
wide variety of small grasses and forbs, including Hordeum 
comosum, Holcus lanatus, Eleocharis albibracteata, Agrostis 
capillaris, Acaena spp., Deschampsia spp., Potentilla 
anserina, and Trifolium repens. 
Juncus Marsh (4%) was dominated by the tall rushes 
Juncus scheuchzeriodes and .:2..:.. stipulatus, and was found in 
permanently wet, low depressions. Other (2%) was comprised 
of a wide variety of vegetation types including Berberis 
buxifolia, Senecio patagonicus, Verbena tridens, Rumex 
acetosella, Taraxacum officinale, and various heaths of the 
Ericacea family. 
Vegetation utilization and preference 
Animals fed 54%, rested 45%, and were involved in other 
behaviors 1% of the time (n=3~084). Meadow was highly 
utilized and preferred by all guanacos (Table 4). Not all 
Meadow vegetation, however, was initially available to the 
guanacos. Much of the large meadow south of the road, was 
flooded throughout December and early January (Fig. 4). 
More Meadow vegetation became available as the season 
progressed and these areas dried up. 
Feeding preference for Meadow vegetation was 
significantly higher than other vegetation types among all 
sex and age classes in Family Groups, with adult females 
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Table 4. Utilization and preference of vegetation types by 
all sex and age classes of guanaco in Family 
Groups. Values with the same letter are not 
significantly different (LSD test) 
Type of Number of Percent 
vegetation times utilized utilization Preference 
Shrub Comm. 47 2.8 -2.69 c 
Upland 170 10.3 -1. 51 B 
Meadow 1428 86.l +2.40 A 
Other 14 0.8 -0.71 B 
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showing the highest preference for Meadow, followed by 
chulengos, yearlings, and males (LSD test) (Table 5). 
In studies of guanaco food habits on Tierra del Fuego, 
Raedeke (1980) concluded that the guanaco was a "generalist 
herbivore", which could utilize a broad range of forage 
types. Ortega's (1985) study of vegetation preference in 
the Park showed that guanaco Male Groups have the ability to 
"switch" between different forage types depending on 
seasonal availability. His seasonal preference values for 
Male Groups, along with Family Group preference values from 
this study, demonstrate that both social groups depended 
heavily on Meadow vegetation during the summer territorial 
season. 
Preference for such higher quality succulent forage, 
particularly in arid and semi-arid climates, has been well 
documented in vicuna (Franklin 1978a), pronghorn (Kitchen 
1974), and a number of African ungulates (Estes 1969, 1974, 
Jarman 1974, Spinage 1982). Succulent forage, which is 
usually higher in protein than dry forage, should be 
particularly preferred by pregnant and lactating mothers and 
weaned young (Clutton-Brock et al. 1982). This may in part 
explain why female guanacos and their chulengos showed the 
highest preference for Meadow vegetation, a suspected high 
quality forage source. 
Of the four most abundant vegetation types (Upland, 
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Table 5. Comparison of Family Group feeding preference for 
different sex and age classes of guanaco during 
January and February 1983. Values with the same 
letter are not significantly different (LSD test) 
Number 
Sex/age of obs. Shrub 
class periods Upland Comm. Meadow Other 
Male (n=l94) -2.45 c -3.46 B +l.39 c -1. 58 A 
Female (n=l96) -1.10 A -2.81 B +2.91 A -0.56 A 
Yearling (n=80) -2.32 BC oa +2.04 c -0.01 A 
Chulengo (n=l03) -1. 21 AB -1. 60 A +2.49 B -0.73 A 
ashrub Community was not observed to be utilized by 
yearling guanacos, yielding a preference value of negative 
infinity. 
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Upland/Shrub Transition, Shrub Community, Meadow), only 
Meadow and Upland were found in significantly different 
proportions in the combined territories (27% and 25%, 
respectively), as compared to the overall study area (16% 
and 35%; x2=5.08 and x 2=3.32, df=l, P<0.01 and P<0.05, 
respectively). The higher proportion of Meadow vegetation 
found in territories suggests that males may be selecting 
territorial sites based on the availability and 
defendability of this preferred vegetation type. 
Family Group Size and Stability 
Total number of animals 
The number of animals with territorial males varied 
greatly from day to day, and often hour to hour. Over the 
course of the season, males originally designated as FGTMs 
(201-204) had larger mean group sizes than those originally 
designated as STMs (102-106, 301-303) (9.5 -vs- 3.6) 
0=4.07, df=lO, P<0.01; Table 6). FGTMs also had a higher 
frequency of female attendance than STMs (82% -vs- 35%) 
(X 2=75.17, df=3, P<0.01). However, the distinction between 
FGTMs and STMs was not pronounced in this migratory 
population. Few STMs remained exclusively solo, while males 
originally designated as FGTMs did become solo from time to 
time. The FGTM and STM designations were retained for 
Table 6. 
Male 
204 
201 
202 
203 
105 
103 
104 
102 
106 
301 
302 
303 
Total 
n 
32 
45 
35 
33 
37 
27 
26 
20 
37 
22 
18 
12 
344 
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Mean daily group size (including territorial 
male) and percent time that males had family 
groups on their territories during the 1982-1983 
territorial season (n = number of days observed). 
Values with the same letter are not significantly 
different (LSD test) 
Mean daily 
group size 
11. 3 AB 
12.8 A 
8.6 BC 
5.1 DE 
4.2 DE 
2.4 E 
2.8 DE 
4.7 DE 
3.8 DE 
2.7 DE 
6.8 CD 
1. 0 E 
6.2 
range 
1-49 
1-31 
1-20 
1-17 
1-26 
1-26 
1-31 
1-56 
1-20 
1-40 
1-34 
1-1 
1-56 
S.E. 
2.34 
1.16 
0.91 
0.91 
1.13 
0.94 
1.13 
2.19 
0.47 
1. 21 
2.56 
0.00 
0.44 
% time with 
family group 
64 
96 
97 
65 
24 
23 
58 
15 
81 
13 
33 
0 
56 
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convenience of identification, but territorial males in this 
population are best thought of as being a part of a 
continuum between a definitive FGTM (e.g., male 201) and a 
definitive STM (e.g., male 303). 
Distribution of females 
Females were not distributed evenly among territorial 
males. During December, adult females were found primarily 
in territories of FGTMs while STMs were usually alone (Fig. 
6) (FGTM: x = 7.8, STM: x = 0.8; T=4.51, df= 7, P<O.Ol). In 
January, many adult females moved to the STM's territories 
(FGTM: x = 2.5, STM: x = 3.1; T=-0.54, df=9, P<0.81). But 
by February, FGTMs again controlled a majority, though 
reduced number, of adult females (FGTM: x = 3.9, STM: x = 
0.9; T=4.20, df=8, P<0.01). 
Two major disturbances occurred that caused the 
temporary exodus of all females and their young from the 
study area: l) the movement of sheepmen on horseback (with 
dogs and rifles) along the park boundary on 19 December and 
2) the movement of a puma (Felis concolor) through the study 
area on 11 February. Within a few days after these 
disturbances, however, FGTMs and STMs had group sizes 
similar to those observed prior to the disturbances. 
Occasionally, males attempted to contain departing 
females by herding them back into their territories. Eight 
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herding attempts were observed during December and 7 in 
January. Six of the 8 female containments in December were 
by male 201, where as, a variety of males herded females in 
January. Males were not observed herding females in 
February. 
Family Group dynamics 
Changes in Family Group size in this migratory 
population were larger and more frequent (Table 6) than in 
vicuna (Franklin 1978a) or sedentary guanaco populations 
(Raedeke 1979, Jefferson 1980). Family Groups in the Park 
were essentially "open" (e.g., females freely joined and 
left), in contrast to "closed groups" of vicuna, and "semi-
open" groups of guanacos on Tierra del Fuego (Franklin 
1983). Territorial males rarely interacted with females, 
except in a reproductive context (i.e., mating and occasional 
herding of females). In fact, territorial males could often 
be distinguished by their physical separation from the 
group. Open membership with dynamic changes i n group size 
is common among territorial ungulates in semi-arid 
environments (Estes 1969, 1974, Jungius 1971, Gosling 1974, 
Ki t chen 1974, Langley aAd Giliomee 1974, Mason 1976, Mungall 
1978, Jarman 1974, Jarman and Jarman, 1979, Attwell 1982, 
Spinage 1982, Walther et al. 1983). 
The "openness" of Family Groups was probably a 
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reflection of the patchy nature of the food resources that 
the females sought, a characteristic of the semi-arid 
environment. As with impala (Jarman and Jarman 1979), 
females were not restricted to a territory by the herding 
attempts of the male, but positioned themselyes in the best 
location in relation to the resources at any one given time. 
The concentration of females in the territories of the FGTMs 
during December and the subsequent shift in the distribution 
of females to the STMS territories in January (Fig. 7), 
paralleled the spacial and temporal distribution of 
preferred food resources (Meadow vegetation). 
During December, females and their young concentrated 
their foraging on the large, unflooded meadows of 
territories north of the road. By mid-January most of the 
previously flooded meadows south of the road had dried up. 
For approximately two weeks, these areas supported several 
hectares of "flush-growth" Meadow vegetation, and large 
numbers of females temporarily moved there to feed. The 
quality of the meadows was greatly reduced by February due 
to dryness and heavy utilization, and many of the females 
and young began to leave the study area. 
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Reproduction 
Mating and parturition seasons 
Number of copulation attempts and territorial 
encounters peaked during the fourth week of December 1982. 
The chulengo birth peak of ·1980 occurred during the second 
week of December (I. M. Ortega, Dept. Animal Ecology, Iowa 
State Univ., pers. comm.) (Fig. 8). Though there is 
considerable variation in the timing of the birth season 
between guanaco populations (Cabrera and Yepes 1940: cited 
in Raedeke 1979:164, Franklin 1975, Raedeke 1979, Jefferson 
1980), the timing of this event within a population should 
be relatively consistent from year to year due to the female 
guanaco's 11.5 month gestation period (Franklin 1982). 
The difference between the birth and mating peaks in this 
population appears to correspond to the assumed 2 week post-
partum estrus of female guanacos (Franklin 1982). 
Copulations 
Mean rates of copulation attempts per male were 
significantly higher in December than in January and 
February (LSD test; Table 7). FGTMs accounted for all 16 
complete copulations observed during December, with male 201 
having a significantly higher copulation rate that the other 
FGTMs (LSD test; Table 8). Four complete copulations were 
observed in late January and early February (male 203 = 2, 
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Table 7. Mean copulation att empt rate per male for each 
month of the 1982-1983 territorial season. 
Copulation attempt rate = number of copulation 
attempts per 10 hours of observation. Values 
with the s&me letter are not significantly 
different (LSD test) 
Number of copulation Mean copulation 
Month attempts observed attempt rate/male 
December 34 l. 87 A 
January 6 0.15 B 
February 4 0.07 B 
Total 44 0.67 
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Table 8. Mean complete copulation rate (number of complete 
copulations per 10 hours of observation) for 
territorial males during December 1982. Values 
with the same letter are not significantly 
different (LSD test) 
Number of 
Male a copulations Mean copulation 
201 11 5.40 A 
204 3 l. 61 8 
203 l 1.15 8 
202 l 0.31 8 
Total 16 2.12 
aMales 102-106 had no observed copulations during 
December 1982. 
rate 
43 
204 = 1, 301 = 1). These were considered to be of low 
reproductive value, due to decreased survival of young, 
which would be born late the following season (Clutton-Brock 
et al. 1982). 
Factors affecting reproductive success 
In social systems based on resource defense polygyny, 
males defend resources that attract females, rather than 
attracting females themselves (Wittenberger 1981). Males 
may attempt to herd females, though they are usually 
unsuccessful. Such was the case with this population. 
Guanaco male reproductive success was primarily dependent on 
female choice of resources located within a given 
individual 1 s territory. 
Several variables were examined for their possible 
influence on female choice of a territory, and thus 
ultimately a male's reproductive success (Table 9). Monthly 
mean number of adult females per territory was not related 
to territory size (Dec.:r=.368, df=l6, P<0.330; Jan.:r= 
-.014, df=20, P<0.967; Feb.:r=.555, df=l8, P<0.100). 
Significant correlations, however, were found in December 
between: 1) mean number of adult females and quantity of 
available Meadow in hectares (r=.871, df=l6, P<0.002), 2) 
mean number of adult females and copulation rate (r=.769, 
df=l6, P<0.015), and thus 3) quantity of available Meadow in 
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Table 9. Values of correlated territorial variables for 
December 1982 
Mean daily ti Territory Quantity Copulation 
Male adult females size (ha) Meadow (ha) rate 
204 10.7 6.8 1. 3 1. 6 
201 10.3 11. 8 1. 7 5.4 
202 6.2 7.4 1. 4 0. 3 
203 3.7 10.7 1. 0 1. 2 
105 1. 7 7.3 0.7 0. 0 
104 1. 4 9.9 0.9 0.0 
103 0.6 8.3 0.6 0. 0 
102 0.0 6.9 1. 0 0 . 0 
106 0.0 4.8 0.7 0 . 0 
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hectares and copulation rate (r=.786, df=l6, P<0.012). 
Given that 80% of the copulations took place during 
December, it is not surprising that a significant 
correlation between mean number of adult females and 
copulation rate were found only for that month. Females 
were apparently selecting, at least in part, territories 
with large surface areas of highly preferred Meadow 
vegetation. FGTMs were reproductively more successful 
because they were not only located where the Meadow 
vegetation was present, but when it was available and when 
females were reproductively receptive. Though STMs gained 
females later in the season as the Meadow vegetation on 
their territories became available, their reproductive 
success was nil since most females had already mated. 
Quantity, quality, and distribution of food resources, 
were found to be positively correlated with Family Group 
size in vicuna (Franklin 1978a) and pronghorn (Kitchen 1974) 
during the breeding season. The importance of high quality 
food resources, particularly during the breeding season, has 
also been implicated for guanacos on Tierra del Fuego 
(Jefferson 1980), waterbuck (Tomlinson 1981, Spinage 1982), 
Coke's hartebeest (Gosling 1974), and impala (Jarman and 
Jarman 1979). 
Infrequent herding attempts by territorial males were 
generally unsuccessful, except for male 201. In 201 1 s case, 
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territorial structures such as adjacent hillsides, 
marshland, and fencelines enhanced his ability to contain 
females by reducing the avenues of exit (Fig. 1). Kitchen 
(1974) also observed that certain pronghorn males enhanced 
their herding and copulatory success by using fencelines. 
In fact, on 2 occasions (15 and 17 December), male 201 
interrupted a copulation to stop a large group of females 
from leaving his territory. On both occasions, after 
driving the females back into his territory, he returned to 
and copulated with the female he had left. Gosling (1974) 
also observed this same sequence of events in territorial 
male Coke's hartebeests. 
Conclusions 
Seven territorial males were already established in the 
study area when observations began on 4 December 1982. Most 
of these males had probably established their territories 
several weeks before my arrival. In previous years, 
dominant males left Male Groups and Mixed Groups to 
establish territories between late September and mid-October 
(Wilson 1982, Or t ega 1985, Fritz 1985). Concurrent to this 
study only 39% of males (not including chulengos) in the 
peninsula population attained territorial st3tus, while the 
other 61% remained in Male Groups spacially segregated from 
breeding territories (Fritz 1985). 
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The majority of matings and territorial disputes 
occurred in December, reaching a peak during the later half 
of the month. Franklin for vicuna (1978a), Kitchen for 
pronghorn (1978), and Murray for impala (1982) also observed 
that rates of territorial encounters were significantly 
higher during the breeding season. 
FGTMs achieved the highest reproductive success by 
being in the "right place" at the "right time". Their 
territorial sites were not flooded during the December 
breeding season because they were 20-40 meters higher in the 
local drainage pattern than the territories of most STMs. 
FGTMs territories contained the greatest quantities of 
available, unflooded Meadow vegetation, to which the females 
were attracted when they were reproductively receptive. 
By 21 February 1983 the territorial system had nearly 
dissolved; 4 of 10 males had abandoned their territories. 
Remaining males rarely defended their territories, often 
wandering uncontested outside their original territory 
boundaries and nearly all females and young had left the 
study area and were found in large mixed aggregations of 
150-250 animals moving west towards the winter range. 
In addition to the parameters studied here, other 
factors could have also contributed to female territorial 
choice, including quality of vegetation, individual 
territorial male defense, intragroup aggression, thermal 
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cover from wind, and the presence or absence of cover from 
predators. It is my hope that these factors will be more 
fully explored in future studies. 
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